Introductıon
============

Imidazolines and its aminoimidazolines derivatives have been widely used as medicines against a broad range of diseases because of their biological activities. These compounds are known to mediate a variety of biological actions on adrenergic \[[@B1-molecules-10-00922], [@B2-molecules-10-00922]\] and/or imidazoline \[[@B3-molecules-10-00922]\] receptors. They also show various other effects such as lowering blood pressure \[[@B4-molecules-10-00922], [@B5-molecules-10-00922]\], sedation and anxiety reduction \[[@B6-molecules-10-00922], [@B7-molecules-10-00922]\], analgesic \[[@B5-molecules-10-00922], [@B8-molecules-10-00922]\], against alcohol withdrawal symptoms, as diuretic and antidiarreheal agents \[[@B5-molecules-10-00922]\], anti-inflammatory \[[@B9-molecules-10-00922]\], antimicrobial \[[@B10-molecules-10-00922]\], cytotoxic \[[@B11-molecules-10-00922]\], antiallergic \[[@B12-molecules-10-00922]\], anesthetic \[[@B13-molecules-10-00922]\] hypothermia, decreased salivary secretion and mydriasis activitities.

There are the studies examining the effects of benzimidazole and indazoles on oxidant-antioxidant systems, but not for imidazole and aminoimidazoles, therefore there is a need for studies investigating the effects of aminoimidazole compounds on oxidant and endogenous antioxidant systems. Endogenous antioxidant systems, the vitamins such as vitamins A, E and C, have been shown to react with organic free radicals and to protect biomembranes from damage induced by these free radicals. Antioxidant vitamins A, E and C are some of the major non-enzymatic antioxidants in the body \[[@B14-molecules-10-00922], [@B15-molecules-10-00922]\]. The aim of the present study was to investigate the effect of 2-aminoimidazoline (2-Amdz) administration on the levels of antioxidant vitamins A, E and C and of MDA, an indicator of lipid peroxidation in rats.

Results and Discussion
======================

In [Table 1](#molecules-10-00922-t001){ref-type="table"} and [Figure 1](#molecules-10-00922-f001){ref-type="fig"}, it is seen that the rats subcutaneously injected 2-Amdz had low levels of antioxidant vitamins A, E and C in blood serum when compared with the control group (p\<0.05). On the other hand, MDA levels clearly increased compared to the control group (p\<0.005).

molecules-10-00922-t001_Table 1

###### 

The levels of antioxidant vitamins (A, E and C) and MDA of rats which was injected with 2-Amdz and the control groups. The results are given means ± SD.

  ------------------- ----------------- --------------------------- ----------
                      Controls (n:15)   2-Aminoimidazoline (n:15)   p value
  Vitamin A (µg/mL)   0.82 ± 0.14       0.62 ± 0.17                 \< 0.05
  Vitamin E (µg/mL)   8.62 ± 1.30       6.55 ± 1.50                 \< 0.05
  Vitamin C (µg/mL)   9.64 ± 2.03       7.33 ± 1.53                 \< 0.05
  MDA (nmol/mL)       1.84 ± 0.37       3.99 ± 0.77                 \< 0.005
  ------------------- ----------------- --------------------------- ----------

Lipid peroxidation is a free radical chain reaction \[[@B16-molecules-10-00922]\] which causes the degeneration of cell membranes. Most products of lipid peroxidation are known to have mutagenic and/or carcinogenic properties \[[@B17-molecules-10-00922]\]. Free radical species affect all important components of cells such as lipids, proteins, carbohydrates and nucleic acids \[[@B18-molecules-10-00922]\]. Lipids are oxidized by free radical attack, and hence membranes are damaged \[[@B19-molecules-10-00922]\]. Lipid peroxides are disintegrated quickly and form reactive carbon compounds. Among these, MDA is an important reactive carbon compound which is used commonly as an indicator of lipid peroxidation \[[@B20-molecules-10-00922]\].

![Comparisons of the serum levels of vitamins A, E and C and MDA between rats injected with 2-Amdz and the control group.](molecules-10-00922-g001){#molecules-10-00922-f001}

Although Can-Eke *et al.* showed that some benzimidazole compounds increased the lipid peroxidation of liver, lung and kidneys in rats under *in vivo* conditions \[[@B21-molecules-10-00922]\], so far there have been no similar studies for amidoimidazoline compounds. Imidazoline compounds may protect beta cells against damage caused by IL-1beta-induced free oxygen and nitrogen radicals \[[@B22-molecules-10-00922]\]. Nevertheless, in our study, it was observed that the injection of 2-Amdz to the rats significantly increased serum MDA levels compared to the control group (p\<0.005) and it was found that 2-Amdz injected rats had decreased levels of antioxidant vitamins A, E and C in comparison to the control group (p\<0.05). It has been reported that environmental chemicals and some drugs can decrease the antioxidant levels of the organism and thus could lead to cancer and various diseases. Therefore, drugs including antioxidant compounds are required from external sources \[[@B23-molecules-10-00922]\].

Conclusions
===========

It can be suggested that 2-Amdz produces more free radicals and in turn this decreases the level of antioxidant vitamins in the serum of rats. From these results, we could suggest that, antioxidant vitamins such as vitamin A, E, and C should be taken along with the medicine containing imidazoline groups to compensate the potential vitamin deficiency caused by these drugs.

Experimental
============

Animals
-------

A total of 30 male Wistar rats (14-16 week old, 200-220 g) were used in this study. Upon arrival, the animals were allowed to acclimatize for two weeks. The rats were housed in a temperature controlled room (22-25°C) with a 12:12 light-dark cycle; water and food were given *ad libitum*. Animals were divided into two groups; one control group (n=15) and an experimental group (n=15). The experimental group was administered the compound 2-Amdz synthesized by Servi \[[@B24-molecules-10-00922], [@B25-molecules-10-00922]\] according to [Scheme 1](#molecules-10-00922-f002){ref-type="scheme"}.

![](molecules-10-00922-g002){#molecules-10-00922-f002}

The control group was given only an injection of 250 µL of 75% ethanol the every other day. The other group of rats were injected with 2-Amdz (25 mg kg^-1^, dissolved in 250 µL of 75% ethanol). Injections were continued for 16 days. All animals were on a normal diet throughout the experimental period. Blood samples were harvested and kept at --20ºC until analyzed.

Determination of serum Vitamin A and E levels
---------------------------------------------

Blood samples were centrifuged at 3000 rpm for 5 minutes at 4°C and the serum was separated. MDA and antioxidant vitamins (A, E and C) levels were determined in serum. The quantification was performed according to Miller *et al.* \[[@B26-molecules-10-00922]\] utilizing HPLC. Separations were accomplished at room temperature with a Cecil liquid chromatography system (Series 1100) consisting of a sample injection valve (Cotati 7125) with a 20 μL sample loop, an ultraviolet (UV) spectrophotometric detector (Cecil 68174) operating at 326 and 296 nm for vitamin A and E respectively, an integrator (HP 3395) and a Techsphere ODS-2 packed (5 μm particle and 80 ^o^A pore size) column (250x4.6 ID) with methanol- acetonitrile- chloroform (47: 42: 11, v/v) as the mobile phase at 1.0 mL min^-1^ flow rate.

Determination of serum Vitamin C and MDA levels
-----------------------------------------------

The extraction of vitamin C and free MDA were performed according to Cerhata *et al.* \[[@B27-molecules-10-00922]\]. The supernatant was filtered and the vitamin C level was determined by using the method of Tavazzi et al. \[[@B28-molecules-10-00922]\] and MDA levels by Karatas *et al.* \[[@B29-molecules-10-00922]\]. A Supelcosil LC-18-DB HPLC reversed-phase column (3 μm particle size and 250 x 3.9 ID) was utilized for the detection of vitamin C and MDA levels. While a 3.7 mM phosphate buffer, pH 4.0 mobile phase was used at 1.0 mL min^-1^ flow rate to determine the vitamin C levels, the free MDA level was determined with a 30 mM KH~2~PO~4~ buffer, pH=4 with H~3~PO~4~ and methanol (65%-35% v/v) mobile phase at 1.5 mL min^-1^ flow rate. All chemicals and reagents used were of analytical grade and were purchased from Merck Chemical Co. (Darmstadt, Germany). Bidestilled water used to in the all studies.

Stastical Analysis
------------------

The SPSS software (SPSS Inc, Chicago, IL, USA) was used for statistical analyses. Results for the groups are expressed as means±S.D. Differences between the group's means were analyzed for significance using the Mann-Whitney *U*-test. Statistical significance was defined as p\<0.05.

*Sample Availability:* Contact the authors.
